Epidemiology of COVID 19 {#Sec1}
========================

A novel corona virus which is responsible for ongoing outbreak of fatal acute respiratory tract infection was named as SARS-CoV-2 (Severe Acute Respiratory syndrome associated coronavirus) by International Committee on Taxonomy of Viruses (ICTV). This virus emerged from Wuhan, China, in December 2019. The disease was named by WHO on 11th of February 2020 as coronavirus disease 2019 (COVID-19) \[[@CR1]\]. The regional epidemic then spread to all over the world. On 12th of March, 2020, WHO declared it as pandemic. According to Worldometer (URL:<https://www.worldometers.info/coronavirus/>*)*, as of 4th June 2020, globally total infected cases were 6,596,713 while 3,188,018 cases recovered and this contagious disease caused death of 388,424 individuals. However, COVID-19 has shown very dissimilar outcome in terms of severity and mortality in different nations which are not easily explained \[[@CR2]\]. Human corona virus (CoV) was first reported in 1965 and belongs to the family coronaviridae. Based on phylogeny, CoV are divided into four genera: alpha, beta, gamma and delta. Only beta CoV genus contains four lineages A, B, C and D (Fig. [1](#Fig1){ref-type="fig"}). All identified human corona viruses belong to either alpha or beta genera and gamma and delta primarily include avian origin. New SARS COV 2 is a beta coronavirus from the subgenus Sarbecovirus \[[@CR3]\].Fig. 1Classification with examples of common coronaviruses and presenting symptoms

The current 2019 novel coronavirus is a single stranded RNA virus which contains various structural and non-structural proteins. Following entry through respiratory tract, spike (S) protein of coronavirus binds to the angiotensin converting enzyme related carboxypeptidase (ACE2) host receptor for its entry into the host cell. The structural proteins of SARS-COV-2 are shown in Fig. [2](#Fig2){ref-type="fig"}.Fig. 2Schematic diagram depicting the conserved residues for interaction between viral S protein and host receptor ACE2. Leu, leucine; Phe, phenylalanine; Gln, glutamine, Asn, asparagine; Lys, lysine; Ser, serine

Physiological Relevance of ACE2 {#Sec2}
===============================

ACE2, a monocarboxypeptidase glycoprotein, is constitutively expressed in various organs such as lungs, gastrointestinal tract, kidney, endothelium, heart and to some extent in pancreas. It has two forms: (i) the full-length membrane bound ACE2 which has an extracellular domain acting as a receptor for the spike protein of SARS-COV-2, transmembrane domain and cytoplasmic domain which contains calmodulin binding site \[[@CR4]\]; (ii) soluble form of ACE2 which circulates in the blood \[[@CR5]\]. On the other hand, Angiotensin converting enzyme (ACE) is a zinc dependent dipeptidyl carboxypeptidase having two catalytic homologous domains that plays an important role in the regulation of blood pressure \[[@CR6]\]. Although there is approximately 60% sequence similarity with the catalytic domain of ACE, the ACE inhibitors (ACEi) such as Lisiniopril, Ramipril do not attenuate the effect of ACE2 since the active sites differ \[[@CR7]\]. Hence ACEi does not seem to have direct effect on ACE2. However, it can indirectly increase the expression of ACE2 to meet the increased demand of metabolism of accumulated Angiotensin (Ang) I and Ang II. The mechanism involved in the metabolism of Ang I and II has been presented in Fig. [3](#Fig3){ref-type="fig"}. The protective effect of ACE2 on cardiovascular system is mediated through Ang(1-7) which is the main degradation product of Ang II. Catalytic as well as non-catalytic role of ACE2 in the metabolic process is depicted in Fig. [3](#Fig3){ref-type="fig"}. Transmembrane protease, serine 2 (TMPRSS2) present in host cell helps in facilitating the entry of virus through priming of the Surface (S) protein which is functionally divided into two parts i.e., S1 and S2 domains \[[@CR8]\]. The S1 domain is responsible for receptor binding (RBD) and S2 domain contributes to cell membrane fusion. Thus, the transmissibility of COVID-19 is primarily determined by specific interaction between conserved residues located on RBD of S protein and ACE2 receptor of host cell \[[@CR3]\]. Interaction between virus and the host through specific residues has been schematically depicted in Fig. [2](#Fig2){ref-type="fig"}. Because of these conserved residues, the COVID-19 is considered to have capacity of transmission from human to human.Fig. 3Schematic presentation of the replication of virus and mechanism of action of ACE2 in host cell (alveolar cell) \[[@CR9], [@CR10]\]. TMPRSS2, transmembrane protease, serine 2; HCQ, hydroxy chloroquine; ARB, angiotensin II receptor blocker; S, spike protein; E, envelope glycoprotein; M, membrane glycoprotein; N, nucleocapsid protein

Clinical Evidence {#Sec3}
=================

The novel coronavirus infection commonly presents with respiratory symptoms such as dry cough, pneumonia and in some cases, rapidly progresses to respiratory distress requiring admission in the intensive care unit (ICU). Few recent studies conducted during the outbreak in China reported that approximately 20--30% of patients were vulnerable to develop severe consequences having distinctive co-morbidities such as diabetes mellitus (DM), hypertension, chronic obstructive pulmonary disease, cardiovascular and cerebrovascular diseases \[[@CR11]--[@CR13]\]. Guan et al. \[[@CR12]\] documented that 15% of total 1099 COVID patient had hypertension as co-morbidity. Bhandari et al. \[[@CR14]\] conducted a study on 21 COVID positive patients in North India, and reported that approximately 14% of participants had pre-existing hypertension and 10% had DM. Prevalence rates of co-morbidities in 8 recent studies \[[@CR11]--[@CR18]\] conducted in 2020 are presented in Table [1](#Tab1){ref-type="table"}. Patients with distinct coexisting diseases were found to have significantly higher death rate \[for hypertension odds ratio (OR), 3.05; confidence interval (CI), 1.57 to 5.92; p \< 0.006; for DM, OR, 2.85; CI, 1.4--6.1; p \< 0.001; for CVD,  OR, 21.4; CI, 4.7--98.8; p \< 0.0001\], indicating that co-morbidities are potential determinant of morbidity and mortality of COVID-19 infection \[[@CR19]\]. However, some patients with co-morbidities had initial atypical presentation. In a recent case study, it was reported that a 62 years old hypertensive and pre-diabetic female presented with dysarthria and right extremity weakness. She had very high level of Ferritin, D- Dimer, C reactive protein (CRP) and lactate dehydrogenase (LDH). Following treatment with intravenous thrombolysis, limb movement was improved \[[@CR20]\]. Avula et al. \[[@CR21]\] reported 4 cases of age range 73--88 years for the development of altered mental status, limb weakness and slurred speech. The blood level of diagnostic parameters such as D-Dimer, Ferritin and CRP of these patients had direct relation to the clinical consequences and mortality. Abdulkadir et al. \[[@CR22]\] conducted a study on 4 cases mostly aged over 60 years and having a pre-existing hypertension and or DM presented with features suggestive of stroke which was confirmed by the presence of infarct in large or small cerebral vessels in cerebral imaging. They also had elevated levels of Ferritin and D- Dimer. Even after treatment with aspirin and low molecular weight heparin, patients did not show much improvement. From these studies it is obvious that most of the patients who were vulnerable to develop severe illness in the form of admission in ICU, required mechanical ventilation, or death as one of the outcomes for elderly age groups with distinctive co-morbidities having hypertension as common co-morbidity.Table 1The prevalence rate of comorbidities in COVID 19 positive casesSerial No.12345678Author (s)Yang et al. [@CR11]Guan et al. [@CR12]Zhang et al. [@CR13]Wang et al. [@CR15]Liu et al. [@CR16]Huang et al. [@CR17]Chen et al. [@CR18]Bhandari et al. [@CR14]AreaWuhan, ChinaWuhan, ChinaWuhan, ChinaWuhan, ChinaHubei, ChinaWuhan, ChinaWuhan, ChinaJaipur, IndiaNo of subjects521099140138137419921Average age total participants(range)59.7(30--79)47(35--58)57(25--87)56(42--68)57(20--83)49(41--58)55.5 (21--82)43.5(20--85)Average age of serious condition(range)64.6(40--80)52(40--65)64(25--87)66(57--78)49(41--61)61(37--85)Men (%)7058.150.754.344.5736866.66Comorbidities (%)Hypertension14.93031.29.51514.28Cardiovascular disease1025514.57.315404.7Cerebrovascular disease0145.1Endocrine disorder including Diabetes Mellitus107.412.110.110.220139.5Malignancy50.97.21.521Respiratory system disorder including COPD101.11.42.91.5214.7Deaths (%)61.51.44.311.711

The most obvious and intriguing issue that needs to be addressed is, why advancing age makes the person vulnerable to COVID-19 and is associated with poor prognosis? In this regards, multiple explanations could be put forward.

It has been reported that ACE2 expression is increased in elderly people \[[@CR23]\], in heart failure and arterial hypertension \[[@CR24]\] and thus predispose them to get infected with SARS-CoV-2.With the advancing age the immune system in human goes through the phase of immunosenescence resulting in depletion of adaptive immunity and achievement of nonspecific innate immunity. Moreover, disintegration of regulatory T cells (Treg) cell function and attenuation of immunoinhibitory skills will allow the amplification of pathogens and make the older individual prone to get infected \[[@CR25]\].Most of the old people are found to be associated with various medical conditions either alone or in combination with DM, hypertension, cardiovascular disease. Interestingly, the second largest population of patients with DM lives in India (International Diabetes Federation 2019). It has been reported that uncontrolled glycemia compromises the front-line defence, the innate immune system, towards SARS-COV-2 infection resulting in uncontrolled proliferation of infectious agents. Moreover, aggravated response of pro-inflammatory cytokines such as IL-1, IL-6 and TNF-α associated with hyperglycemia in patients with COVID-19 exacerbate the symptoms of respiratory distress resulting in fatal outcome \[[@CR26]\]. Furthermore, with increase in duration of DM as well as in some cases, old people with hypertension need treatment with ACEi which may increase the expression of ACE2.Moreover, Pioglitazone and Liraglutide used for controlling the blood glucose level have been found to upregulate the expression of ACE2 in experimental model \[[@CR27], [@CR28]\].

Increased expression of ACE2 as well as low immunity enhances the binding of virus to the host receptors and makes the elderly aged people more susceptible to COVID-19 infection. In-spite of having protective role of ACE2 to the heart and increased expression of ACE2 following treatment with ACEi, the COVID-19 patients had poor prognosis. It may be explained by the fact that viral intrusion subsequently causes downregulation of ACE2 expression resulting in over activation of Renin-Angiotensin-Aldosterone-System (RAAS). The uncontrolled aggravation of aldosterone level may lead to loss of water and electrolyte homeostasis which will attenuate the protective impact of ACE2 and leads to various organ injury such as lung, heart, liver, pancreas which will present as multi-organ failure.

Biochemical Correlation With Severity of SARS-CoV-2 Infection {#Sec4}
=============================================================

Biochemical investigation reported a decrease in hemoglobin count whereas a significant increase in Ferritin, CRP and lactate dehydrogenase \[[@CR20]--[@CR22]\]. The non-structural proteins of coronavirus such as 1ab, ORF 10 and ORF 3a dissociates iron from hemoglobin giving rise to porphyrin. Subsequently ORF 8 and surface glycoproteins form a complex with porphyrin and thus interfere with the synthesis of hemoglobin by reducing the availability of heme. The decrease in hemoglobin content will lead to attenuation of oxygen exchange at alveolar level. In order to store the large amount of released iron, there will be rise in the level of ferritin \[[@CR29]\].

In severely ill patients blood investigation reports revealed a significantly higher level of D-dimer, prolonged activated partial thromboplastin time and low platelet count. This indicates that SARS-COV-2 may induce disseminated intravascular coagulation resulting in thromboembolism in pulmonary blood vessel giving rise to the symptoms of respiratory distress and features suggestive of small and large vessels infarction. This could be explained by the decrease in ACE2 expression following coronavirus infection resulting in attenuation of the ACE2/ angiotensin-(1--7)/ Mas receptor axis and prevention of protection against thrombosis \[[@CR30]\]. This probable mechanism has been depicted in Fig. [3](#Fig3){ref-type="fig"}.

Comparison With Impact of Co-morbidities in Middle East Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS) {#Sec5}
================================================================================================================================

Badawi and Ryoo \[[@CR31]\] conducted a systematic analysis on 637 MERS-CoV positive cases and reported that approximately half of these populations had co-morbidities such as DM and hypertension who had a dreadful clinical outcome and even death accounting to 35% of positive cases. Kulcsar et al. \[[@CR32]\] developed a diabetic mice model which was prone to get infected with MERS-CoV. Following infection, the mice had severe consequences and delayed recovery compared to normal mice. Diabetic mice had very few inflammatory cells as well as decreasing trend of TNF-α, IL 6 and IL12b, suggestive of abnormal immune responses. From this study, authors inferred that dysregulation of immune responses might contribute to the disease severity in MERS CoV positive cases with co-morbidities. Yang et al. \[[@CR33]\] conducted a study on 539 SARS positive cases with history of DM and concluded that diabetes is an independent determinant of morbidity and mortality of SARS patients.

Surprisingly, most of the studies did not provide any details of treatment for co-morbidities of COVID-19 affected individuals. Considering the world-wide use of RAAS inhibitors, we have discussed in this review about the impact of ACEi/ Angiotensin II receptor blocker (ARB) on COVID-19 infection and the interplay between ACE2 receptors and SARS-CoV-2 infection.

Contradictory Evidence Related to ACEi and ARB {#Sec6}
==============================================

The crucial effect of ACEi on cardiovascular system is produced by inhibiting the conversion of Ang I to Ang II resulting in decrease in plasma Ang II and attenuating the hydrolytic degradation of bradykinin. ACEi exhibits its vasodilatory and fibrinolytic effects through increase in blood level of bradykinin, prostaglandin and nitric oxide \[[@CR34], [@CR35]\]. Moreover, ACEi had been documented to produce its anti-inflammatory, antifibrotic, antithrombotic and vasodilatory effects through the activation of ACE2/ Ang(1-7)/ MAS axis \[[@CR36]\]. The cardioprotective role of this axis has been documented in various *in vivo* animal and *in vitro* cell culture models. It was reported that either administration of Losartan alone or in combination with Lisinopril, could enhance the expression of mRNA and the activity of ACE2 in rat cardiac membrane \[[@CR37]\]. Several investigations had been carried out to translate the experimental results into clinical prosperity. ACEi increases the expression of ACE2 as an acquired response to counter-balance the enhanced levels of Ang I and II. Since ACE2 is the most important and well identified host receptor for the entry of virus into host cell, the aggravated expression might increase the risk of COVID-19 infection.

On the contrary, one retrospective study conducted by Henry et al. \[[@CR38]\] revealed that patients who were on ACEi treatment required less endotracheal intubation during severe respiratory tract infection and thus reduced the chances of mortality. Moreover, Losartan showed a significant beneficial effect in acute lung injury caused by acid aspiration \[[@CR39]\] as well as in experimental model of ACE2 knockout mice \[[@CR40]\] and mice infected with coronavirus \[[@CR41]\]. Furthermore, it was documented that ARB therapy could significantly decrease the risk of death in Ebola patients \[[@CR42]\].

Clinical Trial on ACEi/ ARB and Human Recombinant ACE2 {#Sec7}
======================================================

It is evident that ACE2 has contribution both in the pathogenesis of hypertension and acute respiratory syndrome caused by SARS-CoV-2. From this fact it could be speculated that SARS-CoV-2 not only involves pulmonary system but could also affect other ACE2 expressing organs such as cardiovascular systems and cerebrovascular system. Moreover, individuals with pre-existing hypertension and were treated with ACEi and or ARB might have influenced the prognosis of COVID-19 induced respiratory symptoms. Previous studies showed contradictory findings related to the impact of ACEi and ARBs on human and experimental model. Hence various clinical trials had been conducted throughout the world to observe the role of these inhibitors on modulation of the severity and prognosis of individuals with SARS-COV-2 infection.

A Single-Center Retrospective Observational case control study was conducted in Wuhan, China between March 21--30, 2020 (<https://clinicaltrials.gov/ct2/show/NCT04318301>). In this study a total of 275 participants were divided into two groups. Group 1 included COVID-19 positive patients with hypertension receiving ACEi/ ARB for the treatment of hypertension and Group 2 included COVID-19 positive patients with hypertension but not receiving ACEi/ARB. A randomized controlled trial on Losartan (<https://clinicaltrials.gov/ct2/show/NCT04312009> ) is also being carried out by University of Minnesota, USA from April 13, 2020. In this study 200 COVID-19 positive hospitalized patients were enrolled. They were placed in two arms. The participants of experimental and placebo comparator arms received Losartan 50 mg and placebo (microcrystalline methylcellulose, gelatine capsule) respectively daily. A similar randomized control trial of Losartan (25 mg daily) is being conducted on 580 COVID-19 positive patients who do not require hospitalization (<https://clinicaltrials.gov/ct2/show/NCT04311177>). Another randomized clinical trial has been launched by National University of Ireland, Galway, Ireland on March 30, 2020. In this study 2414 hypertensive COVID-19 positive patients were recruited. The experimental arm participants of this study were switched to alternative medication for hypertension such as calcium channel blocker/ diuretics and the active comparator arm would continue treatment with ACEi/ ARB. Aim of this study is to determine whether continuation of ACEi/ ARB will influence the risk of death among COVID-19 positive individuals. A randomized interventional clinical trial sponsored by Assistance Publique - Hôpitaux de Paris has been started since April 9 2020 (<https://clinicaltrials.gov/ct2/show/NCT04329195>). Aim of this study is to evaluate if RAS blockers should be continued in SARS-CoV-2 infected individuals with history of cardiovascular disease.

Two interventional clinical trials (NCT04375046 and NCT04382950) are going to be conducted by Kafrelsheikh University from May 2020 to determine whether alone Recombinant Bacterial ACE2 Receptors - Like Enzyme of B38-CAP or in combination with Aerosolized 13 cis-retinoic acid would be more effective than Recombinant Human ACE2 to control lung injury in COVID-19 positive patients. An interventional two arm pilot study (NCT04287686) had been launched by Guangzhou Medical University to determine the effect of recombinant human ACE2 in adult COVID-19 patients since February 2020. However, it has been withdrawn without CDE approval. Recruitment of one clinical trial (NCT04318301) has been completed. Otherwise, to the best of our knowledge, in most of the cases recruitment is still going on. A pilot clinical trial (NCT01597635) was conducted on 44 acute lung injury patients to evaluate the safety and tolerability of recombinant human ACE2. At the end of phase II trial it was found to be safe in subjects with acute respiratory distress syndrome \[[@CR43]\].

ACE2 as Therapeutic Target {#Sec8}
==========================

ACE2 along with TMPRSS2 play an important role in entry of virus into the host cell. These could be targeted as a prevention of initiation and spread of viral infection. Hydroxycholoroquine which is commonly used for the treatment of malaria may be repurposed for preventing the entry of virus by inhibiting the glycosylation of host receptor and thus inhibiting the binding of spike protein of the virus to the active site of host receptor \[[@CR19]\]. Moreover, Umifenovir, an established drug for treatment and prophylaxis of influenza, is a promising repurposed drug for its action to interfere the interplay between S protein and ACE2 for SARS-CoV-2 viral entry as evidenced by in vitro studies \[[@CR44], [@CR45]\].

Camostatmesylate, an approved drug in Japan for the treatment of pancreatitis, showed a great hope by in vitro study with its inhibitory effect against host serine protease TMPRSS2 which helps in S protein priming to interact with ACE2 \[[@CR45]\] and thus prevents entry of the virus into the host cell. Moreover, it has some regulatory effect on blood lipid and glucose level \[[@CR46]\]. Therefore, it might be considered superior to ACE2 blocker since it will interfere with the entry of viral pathogen but at the same time preserve the protective effect of ACE2 especially in COVID-19 patients with dyslipidemia and/ or hyperglycemia. According to a recent study, 17 organosulfur compounds identified in garlic essential oil were considered to be valuable natural antiviral compound source that prevents the intrusion of coronavirus into the host cell by inhibiting interaction between host receptor ACE2 and the main protease PDB6LU7 of SARS-CoV2 \[[@CR47]\].

Hesperidin is a bioflavonoid, a type of plant pigment with antioxidant and anti-inflammatory effects found primarily in unripe citrus fruit such as oranges, grapefruit, and lemon. The binding interface between Spike and ACE2 is targeted by Hesperidin to prevent entry of virus into the host cells \[[@CR48]\]. It has been reported to have significant cardio-protective action as well \[[@CR49]\].

Some health systems have suggested discontinuing the use of ACEi and ARB for prophylaxis as well as treatment of hypertension with respect to suspected infection during COVID-19 pandemic. However, it is too early to support or refute the claims based on limited data on the effective use of these drugs on COVID-19 positive individuals.

Therapeutic Importance of ACE2 and Mesenchymal Stem Cell (MSC) {#Sec9}
==============================================================

Increasing rate of infection and subsequent complications and even mortality prompted researchers from various biomedical fields to find out solutions/ specific treatments in order to control this pandemic. However, to date there is no approved specific treatment targeting SARS-CoV-2 virus, other than some symptomatic treatment protocol such as hydration, supplementation of oxygen and mechanical ventilation. The characteristic pathogenic feature of COVID-19 is cytokine storm which includes the release of interleukin (IL)-2, IL-6, IL-7, and TNF-α \[[@CR50]\]. These released cytokines are primarily responsible for endothelial cell damage leading to leakage of fluid, pulmonary edema, cardiac damage, kidney injury and finally multi organ failure. Recently, Ratajczak and Kucia \[[@CR51]\] have documented the link between ACE2 and Nlrp3 inflammasome in initiating the cytokine storm. Following binding of SARS-CoV-2 to ACE2, it triggers the downstream signalling molecule resulting in activation of Nlrp3 inflammasome which can initiate immune response and cause cell death through activation of caspase 1. Furthermore, Nlrp3 could play an important role in perturbation of coagulation cascade by activation of complement cascade (ComC) giving rise to thrombotic manifestation in SARS-CoV-2 infected individuals. Ulrich and Pillat \[[@CR52]\] provided an insight into the second entry point (CD147) for SARS-CoV-2. The expression of CD147 has been documented in mesenchymal stem cells (MSCs) of human cord blood. Ling et al. \[[@CR53]\] documented the expression of ACE2 in pulmonary residing stem cells and progenitor cells in Oct-4 positive neonatal mice. The lack of these MSC like cells may be responsible for delaying in recovery from lung injury resulting in severe outcome in patients with SARS-CoV-2 infection compared to healthy individuals. Hence any cell based therapy which can modulate immune system and helps in regeneration would be an ideal method to treat this infection. Because of immunomodulatory and regenerative properties, MSCs has drawn attention to researchers from medical fraternity. Moreover, these cells have gained popularity recently because of following reasons: MSCs (i) can be isolated from easily available resources such as cord blood, dental pulp, menstrual blood, peripheral blood, adult adipose tissue and buccal pad of fat; (ii) has potentiality to differentiate; (iii) requires less invasive procedure for administration; (iv) can be stored for future use and (v) free of ethical issues \[[@CR54], [@CR55]\]. Various clinical trials on MSCs for the treatment of type 2 diabetes and autoimmune diseases have already established its safety and efficacy \[[@CR56], [@CR57]\]. However, to the best of our knowledge, MSC therapy for the treatment of COVID-19 patients has not yet been approved. In order to document its safety and effectiveness, various clinical trials are being conducted. Liang et al. \[[@CR58]\] reported the outcome of a case study of human umbilical cord stem cell transplantation on 65 year old critically ill COVID-19 positive patient. Considering the improvement in biochemical parameters (such as serum bilirubin, CRP and ALT/ AST) along with some vital signs, it was opined that MSC could be considered as an ideal choice for the treatment of severe complications of SARS-CoV-2 infection. Leng et al. \[[@CR59]\] conducted a study in China between January 23--31, 2020, where seven COVID-19 positive patients with different disease severity and medical history of hypertension for approximately 10 years had been enrolled. The aim of this study was to identify the safety and efficacy outcome of MSC transplantation in these patients. Following intravenous injection of MSCs, there was a significant decline in pro-inflammatory cytokines such as TNF-α and elevation of anti-inflammatory cytokines such as IL-10 and chemokines like interferon-γ inducible protein (IP-10). After 13 days of post transplantation, the nucleic acid test was found to be negative. It also reversed the lymphopenia and CRP values which is a marker of myocardial damage. RNA sequence analysis of transplanted MSCs confirmed the immunomodulatory property of MSCs because of expression of anti-inflammatory factors such as vascular endothelial growth factor and epidermal growth factor in MSCs and their ability to differentiate into AT2 (Angiotensin II receptor type 2) cells due to expression of surfactant proteins A and C. These studies indicated that MSC either alone or in combination with other pharmacological drugs could be recommended as a therapeutic intervention for the improvement of outcome of COVID-19 patients after further detailed patient sample analysis.

Mesenchymal Stem Cells and Cytokine Storm in COVID 19 {#Sec10}
=====================================================

Previous studies conducted on SARS-CoV-2 patients reported a significant increase in certain circulating chemokines (CXCL8, CCL2 and CXCL10) and inflammatory cytokines (IL-1, IL-6 and IL-12). CXCL2 was considered as a useful prognostic marker for assessing the progress of SARS disease \[[@CR60]\]. The cumulating epidemiological evidence suggest that approximately 80% of COVID-19 positive cases remain mild or asymptomatic and 5--6% become critically ill thus progressing to acute respiratory distress syndrome and multi-organ failure \[[@CR19]\]. In these cases, the human corona virus become highly pathogenic. The virus triggers acute release of cytokines such as IL-2, IL-6, TNFα, granulocyte colony stimulating factors which in turn induces acute injury to multiple organs \[[@CR50]\]. The injury to lung causes pulmonary oedema resulting in difficulty in air exchange at alveolar epithelium finally leading to acute respiratory distress syndrome which is typically identified by ground glass like appearance in X-ray. Similarly, patients may develop features with acute cardiac, liver and kidney injury. Recently available treatment modalities such as non-specific anti-viral therapy, corticosteroids and broad spectrum antibiotics for secondary bacterial infections could not control these severe conditions presented with cytokine release syndrome resulting in death of these critically ill patients. Recent reports on COVID-19 suggest that IL-6 pays the crucial role and its elevated circulating level has significant correlation with the severity of respiratory failure, ARDS, and adverse clinical outcomes \[[@CR50]\]. In order to reduce the mortality, a few studies attempted to address these cases with MSC transplantation. However, the mode of actions of these MSCs is yet to be unveiled \[[@CR58], [@CR59]\].

Cumulating evidence revealed that adult MSCs can influence the response of immune cells through various soluble factors such as transforming growth factor β1 (TGF β1), prostaglandin E 2 (PGE2), nitric oxide (NO), anti-inflammatory cytokine IL-10 and indole amine --pyrrole 2,3 dioxygenase (IDO) \[[@CR61]\]. At the same time MSCs can attenuate the T cell proliferation by secreting PGE2, NO and IDO and thus inhibit cytokine secretion (IFN-γ and TNF-α) and mitigate cyto-toxicity \[[@CR62], [@CR63]\]. Moreover, MSCs hinder the release of inflammatory cytokines like IL-17 and 22 through decrease in differentiation of naïve T cells to Th17 cells. Furthermore, they can increase the synthesis of anti-inflammatory cytokine IL-10 through modulation of transcription factor, fork head box P 3 and epigenetic changes \[[@CR64]\]. This is possible because MSCs share various adhesion molecules such as vascular cell adhesion molecule, leucocyte function associated antigen 3 and intercellular adhesion molecule 1 with T cells. They can induce the Treg by cell-cell contact which is one of the crucial factors involved in the immunomodulatory properties of MSCs \[[@CR65]\]. MSCs can reduce the proliferation of B cells and thus reduce the production of antibodies through involvement of TGF-β and PGE2 \[[@CR66]\]. Likewise, MSCs can reduce cytotoxicity by influencing cytokine release (IFN-γ) from NK cells through modulation of its proliferation which was induced by IL-2 and IL-15 \[[@CR67]\]. Although there are innumerable soluble factors, the efficacy of these soluble factors on influencing the activity of MSCs depends on the sites from where the MSCs were isolated and the region where they would be engrafted. Administration of MSCs in experimental model of immune thrombocytopenia \[[@CR68]\] and proctitis induced by radiation \[[@CR69]\] reported that MSCs could improve the condition through reduction and increase in the production of inflammatory and anti-inflammatory cytokines respectively. Various clinical trials were conducted on patients with systemic lupus erythematosus (SLE), DM, ulcerative colitis and multiple sclerosis and they all have showed some promising outcomes in terms of patient recovery \[[@CR70]--[@CR72]\]. Lack of adequate scientific data, large variability in trial size as well as diversity in the origin of MSCs have brought about major limitations to exactly delineate the therapeutic benefit of stem cells for severe COVID-19 cases.

Synthetic stem cells "LIFNano" which was developed by involving cutting technologies of nanotechnology was found to be far more superior (almost 1000-fold) in terms of potency than soluble leukaemia inhibitory factor which is a fundamental requirement to control the cytokine storm induced by corona virus in critically ill patients. In experimental model of multiple sclerosis, LIFNano showed improvement in 4 days \[[@CR50]\]. Considering the time line this could be useful for treatment of pneumonia in COVID-19 cases.

These characteristic features of MSCs prompted the researchers to consider creatively the use of these cells for the treatment of COVID-19 patients with severe manifestations. One clinical trial (NCT04437823) is being conducted by Johns Hopkins University where recruitment of patients has been started since June 2020. The main goal of this study is to investigate the efficacy of intravenous infusions of stem cells in the treatment of COVID-19 patients. As of 7th July 2020, almost 53 interventional phase I and/ or II clinical trials have been registered all over the world to observe the safety and efficacy of MSCs for the treatment of COVID 19 and/ or Pneumonia/ARDS patients (<https://clinicaltrials.gov/ct2/show/NCT04349631?term=mesenchymal+and+covid&draw>). In these studies, MSCs were either derived from adipose tissues or from umbilical cords depending on respective cases. Although most of the studies adopted intravenous mode of administration, one pilot study (NCT04276987) is being conducted on aerosol inhalation of the exosomes derived from allogenic adipose MSCs for the treatment of serious COVID-19 pneumonia patients \[[@CR73]\]. In almost all trials, recruitment of study participants is going on. The number of enrolled participants in these studies seems to be variable like in certain cases is 20--30 and in others it is 90--100. The results of these ongoing clinical trials may pave the way for confirmation of safety and potentiality of new stem cell based biological approach to reduce the severity of COVID-19.

Future Prospects {#Sec11}
================

Further studies on coronavirus will be required to identify the proteins (structural and non-structural) other than ACE2 which are essential for interaction between virus and host cells to prevent the spread of infection. This information in future will help in the advancement of our knowledge about the cure and management of this virus infection in various ways. Firstly, this will help in understanding the proclivity of viruses towards specific type of host and thus provide information on early prediction of potential outbreaks. Secondly, the study on structural details would provide relevant novel therapeutic target to encounter infection at the early stage and prevent the progression into a pandemic infection. Thirdly, knowledge on immune-pathologic response of the host to viral proteins may help in developing vaccines to decrease the disease load. Taken together, all these aspects, there is an optimistic approach ahead which will help in the development of a novel drug for the treatment and management of SARS-CoV-2. It is presumed that these effective drug molecules could be either from natural sources or has to be synthesized based on the phytochemical-inspired structures. In addition to these aspects, the use of stem cell based therapies also appears to be a critical approach for the cure and management of this pandemic situation. However, this aspect needs further detailed analysis involving a large number of patients with special emphasis on age-dependent impacts. A large cohort study using MSCs will provide the exact therapeutic potentiality of this stem cell based approach. If this comes out to be successful, that will open up a complete new regime for the cure and management of SARS-CoV-2. The other alternative of novel therapeutics would be repurposing of drugs with better efficacy either alone or in combination with other drugs. All these aspects have to be considered together towards the development of strategies for combating SARS-CoV-2.

Conclusion {#Sec12}
==========

Based on the findings presented in this review article, it is evident that although COVID-19 is not principally a metabolic or endocrine disorder, optimum regulation of plasma glucose and blood pressure are essential to avoid the obvious threat and enhanced risk of development of relevant complications such as heart failure and stroke in patients with COVID-19. In order to avoid the adverse prognosis of COVID-19 infections, various public health measures should be taken into consideration. In this management preparedness protocol, policy makers should provide particular attention to those individuals who are elderly as well as having co-morbidities such as DM and hypertension. Considering the lack of specific antiviral treatment for COVID-19 cases, in order to reduce the mortality, stem cell based therapy could be a novel therapeutic approach to decrease the severity of COVID-19 patients. Therefore, this aspect needs serious research and development where the existing data will provide a basis of taking up those in-depth studies. It is speculated that a combined approach as depicted in this review will probably help in the cure and management of elderly patients with associated co-morbidities.
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